Although possible, this explanation is not easily reconciled with many lines of evidence. An alternative offered by Dauphas is that the enstatite chondrites might be leftovers of the processes that formed Earth, but whose compositions were modified by the planet-forming process. This is an intriguing suggestion, but one whose consequences will need much more investigation.
H ydrogels are jelly-like materials that are made up of water-absorbing, 3D polymer networks. Their excellent properties, such as deformability, biocompatibility and diverse chemical functionalities, have led to them being widely studied as mater ials for use in foods and medical implants, as scaffolds for cell culture and as drug-delivery vehicles. However, it is still challenging to construct complex, hierarchical architectures from them. Writing in Science Advances, Chiang et al. 1 report a sophisticated method for the programmable assembly of high-order hydrogel architectures.
One reason for the interest in hydrogel assembly is that the resulting structures could be used to mimic the morphology of living tissues. Such tissues often contain many cell types that form hierarchical structures from various microscopic modular units, such as kidney nephrons, liver lobules and pancreatic islets. In the past few years, 'bottom-up' strategies -in which microscopic cellular building blocks are assembled into dense hierarchical 3D constructs -have attracted attention for tissue construction 2, 3 . The building blocks can be categorized into three standard shapes: points, lines and planes 4 . Chiang and colleagues use their method to make a cell-laden hydrogel architecture that belongs to the plane category, which can stack or roll up into higher-order structures.
The authors developed an electromicrofluidic device that effectively allowed them to assemble hydrogels on a chip. More specifically, they used a fluid-handling technique called electrowetting to dispense, mix, transport and position single droplets (0.1 microlitres in volume) of a polymer solution into designated spots. They then used a technique called dielectrophoresis to manipulate dielectric (insulator) particles suspended within the droplets into a controlled pattern. They used positive dielectrophoresis to gather the particles in the high region of an electric field; and negative dielectrophoresis to gather those in the low electric-field region. In the final step of the process, the authors converted the droplets into hydrogels by crosslinking the dissolved polymer molecules using one of three methods (light-or heat-induced crosslinking, or chemical crosslinking).
In one example, they manipulated nine droplets, each containing a different fluorescent dye, into a 3 × 3 tiled pattern. They then crosslinked the polymers in the droplets using ultraviolet light to obtain a seamless heterogeneous hydrogel architecture (Fig. 1a) that could be handled with tweezers. Chiang et al. also used their platform to arrange hydrogels into controlled patterns after crosslinking.
The researchers used their system to arrange and culture cells (fibroblasts and cardiomyocytes) on biocompatible hydrogels such as poly(ethylene glycol) diacrylate (PEGDA) and gelatin methacryloyl (GelMA). They used electrowetting to move droplets containing both pre-crosslinked GelMA and cells into a hexa gonal pattern, used dielectrophoresis to arrange the cells, and then immobilized the cells by crosslinking the polymers to form hydrogels (Fig. 1b) . The cells survived the process well, suggesting that the procedure is able to manipulate and assemble cells without severely damaging them. One advantage of Chiang and colleagues' method is that the technology provides a highly programmable 3D microenvironment for studying cell behaviour. For example, the authors constructed assemblies that contain hydrogels of different stiffnesses to observe the effect on cultured cells. They found that, when cardiomyocytes from newborn mice were seeded onto an assembly containing both GelMA and PEGDA hydrogels, the cells adhered mainly to the stiffer GelMA, where they exhibited their characteristic beating behaviour (contracting and lengthening). And when fibroblasts were cultured in GelMA hydrogels of different stiffnesses, the cells on the stiffer gels tended to exhibit increased polarization (that is, an asymmetrical shape or asymmetrical organization of cellular components) and aspect ratios (the ratio of length to width).
Many other systems have been reported for handling droplets or particles using electrowetting 5 and dielectrophoresis 6 -such technology is known as digital microfluidics 7 . But Chiang et al. have combined the two methods into a single platform. Their work also offers an advance for tissue engineering. In general, previously reported methods for tissue engineering precisely controlled the size of the cellular building blocks to be assembled, but the internal morphology of the blocks depended on selfassembly processes. By contrast, Chiang and colleagues' approach actively controls internal
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Versatile gel assembly on a chip
Materials called hydrogels have potential applications as scaffolds for tissue engineering, but methods are needed to assemble them into complex structures that mimic those found in nature. Just such a method has now been reported.
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C ancer remains a prevailing problem worldwide, yet many aspects of the process by which cellular identity is changed during tumour development remain unclear. Much attention has been directed towards understanding how altered gene transcription shapes cancer growth. On page 494, Sendoel et al. 1 explore another level of gene regulation, and identify a switch in the translation machinery that has an impact on tumour formation.
Squamous-cell carcinoma is a common form of skin cancer that often involves aberrant activation of the RAS-MAPK signalling pathway and subsequent expression of the gene SOX2 (ref. 2). To study this disease, Sendoel and colleagues used a mouse model that is prone to tumour development owing to overexpression of Sox2 in the outer layer of skin -the epidermis. The authors focused on skin cells at pre-neoplastic stages, before tumour formation.
To take a snapshot of translation in the mutant epidermis, Sendoel et al. profiled the complete collection of messenger RNA sequences bound by the cells' protein-synthesis machinery (the ribosomes) 3 . They complemented this profiling with an analysis of the overall mRNA levels in the cells, thereby providing insight into the cells' transcriptional state.
The researchers found that differences in transcription and translation between normal and pre-neoplastic skin were not always correlated. Overall, translation seemed to be reduced in pre-neoplastic cells. Nevertheless, the profiling data suggested that some mRNAs were more efficiently translated (had more ribosomes bound per transcript) in preneoplastic than in normal cells. Notably, many of these mRNAs encoded proteins associated with tumour progression.
Further analyses revealed a pre-neoplastic increase in ribosome occupancy of 5ʹ untranslated regions (UTRs), regulatory regions that precede the normal protein-coding sequence of mRNAs. About 50% of 5ʹ UTRs contain sequences that can themselves code for protein, such as upstream open reading frames (uORFs) 4 . Translation of uORFs can result in synthesis of short proteins called peptides, which may have varying stability. Alternatively, initiation of translation within 5ʹ UTRs can lead to generation of extended proteins (Fig. 1) .
Currently, it is not clear how many 5ʹ-UTRencoded products have physiologically relevant functions. However, ribosome engagement with uORFs is known to affect translation of downstream coding sequences. Under conditions of stress, uORFs promote translation of some mRNAs; in non-stressful conditions, they are generally associated with impaired protein synthesis 1 report a microfluidic device that enables them to programmably prepare and assemble building blocks made from soft materials called hydrogels. Particles in the blocks can also be arranged into specific patterns. For example, this 3 × 3 tiled architecture consists of nine hydrogel blocks. Different internal morphologies are visible. b, The authors used their device to prepare patterns of living cells in hydrogels -here, the cells form an arrangement that mimics those of lobule structures in the liver. Scale bars, 200 μm. morphology, and might be an effective tool for rapidly building physiologically relevant tissue constructs.
Future work could make this technology even more useful by improving the resolution of the particle positioning, extending the process from two to three dimensions, scaling it up from the micrometre to the centimetre scale and finding ways to organize different types of cell in a single droplet. Because the assembly process is highly controllable, it could also become a powerful technology for 3D bioprinting and additive manufacturing -the industrial version of 3D printing. ■ 
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Unconventional translation in cancer
Translation of RNA into proteins is a fundamental process for all cells. Analysis of a mouse model of skin cancer uncovers an atypical RNA-translation program that has a vital role in tumour formation. See Article p.494
